The fluid flow associated with micro and meso scale devices is currently of interest. Experiments were performed to study the fluid flow in meso-scale channels. A straight flow tube was fabricated with 1 .0x4.Omm2 in rectangular cross section and 200mm in length, which was made of quartz for flow visualization and PlY measurements. Reynolds numbers were ranged from 3 1 1 to over 3 105. The corresponding pressure drop was from O.65KPa to over 16.58KPa between the inlet and outlet of the tube. The micro PIV was developed to measure the velocity distribution in the tube. A set of microscope object lens was mounted ahead of CCD camera to obtain optimized optical magnification on the CCD chip. The velocity distributions near the outlet of the tube were measured to obtain full-developed flow. A CW laser beam was focused directly on the test section by a cylinder lens to form a small light sheet. Thus, high power density of light was formed on the view region. It is very important to the experiment while the velocity of the flow reaches to a few meters per second within millimeter scale. In this case, it is necessary to reduce exposure time to microseconds for PIV measurements. In the present paper, the experimental results are compared with the classical theories.
Introduction
In the last two decades, the art of 'Lab-on-a-Chip' extended explosively. The motivation is, in Gad-el-Hak's words, humans have always striven to explore, build, and control the extremes of length and time scales 0 The problem was prompted by the introduction of the concept of microchannel heat sinks for electronic cooling by Tuckerman and Pease 0. Nowadays, in addition to the ultra compact heat exchanger, the applications of micro fluid devices had expanded to vast fields. For instance, the biomedical industry is one of the major industries to benefit from the advancement of micro-fluidics. Portable micro-total analysis systems (mTAS) and lab on chips are more close to realization due to current microfluidic techniques. The applications of fluidic MEMS technology also outstretch to observation of chemical reactions, inkjet print heads, and transducers for microfluidic sensor or actuator such as particle sensing, measurement of density, flow, viscosity etc. Currently, a number of publications indicated that flow features on the microscale are different from the macroscale and that the classical Navier-Stokes equations are limited to explain the phenomena [1, [3] [4] [5] [6] [7] [8] . However, some studies reported that the measured friction factor of full-developed flow in micro tube was accurately predicted using traditional macroscale theory for some certain regimes [2, 9-1 7] . Perhaps, the reason lay in the different experimental conditions and research emphasis, such as roughness of tube surface, electrical charge of the interfaces, entrance effect of the tube, measurement accuracy etc. Hence, it is essential to study the fluid flow in the microscale to improve the design and fabrication of microfluidic devices. Santiago et al has developed a micro PIV by combining epi-fluorescent microscope with the PIV technique [18] . Meinhart et al presented measurement of a pressure driven flow field in a 30 pm x300 m x25 mm rectangular micro channel by using the pPIV [16] . Moiho et al studied the velocity profile of the electrokinetically driven flow by using caged fluorescence imaging technique [17] . Also the Optical Doppler Tomographic image used to obtain the point velocity by Chen et a! [19] . The bulk flow experiments were conducted to obtain pressure drop and flow rate with different sizes geometries and test fluid [3, 12] .
In this study, we investigated the flow patterns, velocity fields, pressure drop and flow rate in a lmmx4mmx200mm rectangular quartz channel.
Experimental setup 2.1 Flow loop
The flow loop is shown in Fig. 1 . A gear pump was employed to pump deionized water was pumped from liquid reservoir. The water flow regulated by the by-pass ioop and the valves. The differential pressure transducer was installed at the inlet and outlet to measure the pressure drop of the test channel. The dimension ofthe tube is lmmx4mmx200mm. The length ofthe test tube is long enough to eliminate entrance effect. The liquid left the test section and then led to the liquid collection beaker.
By weighing the collection container over a certain period of time, the mass flow rate could be obtained accurately. Dynamics). The laser beam was focused on the test region by a cylinder lens to obtain high density. The width of light sheet was at the same order of the investigated region. Considering the spatial resolution of the CCD camera, it is volume illumination rather than a thin light sheet. The tube was During the given test, the pump and the by-pass valve were adjusted to produce a constant water flow rate. A broad range of flow rates was examined, from O.65KPa to over 16.58KPa. These flow rates correspond to Reynolds numbers from 3 1 1 .3 to 3 105 .7. The Re is based on:
Optical diagnostic setup
Re=pUD/p. (3) where th is mass flow rate, Dh is hydraulic diameter. Due to velocity of the flow reaches to a few meters per second within millimeter scale at high Reynolds number, exposure time of the CCD should be reduced to microseconds for PIV measurement. In this case, the energy density of the laser is insufficient. So PIV experiment only conducted in low Reynolds number. For high Reynolds number, the flow patterns were recorded use the same optical layout. The configurations of timing sequence were fixed, so that the images of different flow rate can be compared. The length of the particles trace implies the flow velocity. Proc. of SPIE Vol. 5058 255
